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(54) Apparatus and method for estimating concentration of vaporized fuel purged Into Intake air 
passage of Internal combustion engine 



(57) In a, so-called, lean burn engine having a 
vaporized fuel processor, a concentration of a vaporized 
fuel purged into an intake air passage (so-called, a 
purge concentration) is estimated using a normal type 
oxygen concentration sensor. Whenever a predeter- 
mined interval of time has passed, the engine combus- 
tion condition is forcefully and temporarily transferred 
into a stoichiometric air-fuel mixture ratio combustion 
condition during which the purge concentration is esti- 
mated on the basis of an output signal from the oxygen 
concentration sensor during an air-fuel mixture ratio 
feedback control. 
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Description 

[0001] The contents of the Application No. Heisei 9- 
214379, with a filing date of August 8. 1997 in Japan, is 
herein incorporated by reference. 

BACKGROUND OF THE INVENTION: 

a) Field of the Invention: 

[0002] The present invention relates to a technique for 
estimating a concentration of a vaporized fuel purged 
into an intake air system of an internal combustion 
engine in which a vaporized fuel processor is installed 
and a combustion condition is transferred between a 
lean air-fuel mixture ratio combustion and a stoichio- 
metric air-fuel mixture ratio combustion. 

b) Description of the related art: 

[0003] A Japanese Patent Application First Publica- 
tion No. Heisei 7-42588 published on February 10, 1 995 
exemplifies a previously proposed vaporized fuel proc- 
essor for an internal combustion engine which is consti- 
tuted by a canistor for adsorbing a vaporized fuel onto 
an activated carbon thereof and a purge control valve 
interposed in a purge passage of the vaporized fuel 
linked from the canistor to an intake air system of the 
engine for controlling a purge quantity of the vaporized 
fuel. 

[0004] It is necessary to correct a fuel supply (injec- 
tion) quantity according to the concentration of the 
vaporized fuel in the internal combustion engine having 
the vaporized fuel processor according to the concen- 
tration of the vaporized fuel. 
[0005] An oxygen concentration sensor is installed in 
an exhaust gas passage of the engine for detecting a 
rich or lean exhaust gas air-fuel mixture ratio. 
[0006] In the engine in which the air-fuel mixture ratio 
is feedback controlled so that the air-fuel mixture ratio 
approaches to the stoichiometric air-fuel mixture ratio, 
the above-described correction can be achieved by the 
air-fuel mixture ratio feedback control. 

SUMMARY OF THE INVENTION: 

[0007] However, since, in the internal combustion 
engine (so-called, a lean burn engine) in which a com- 
bustion condition is transferred into a lean air-fuel mix- 
ture ratio combustion at least under a predetermined 
engine driving condition, a normal type oxygen concen- 
tration sensor which detects a rich and lean of the 
exhaust gas air-fuel mixture ratio is used, the feedback 
control to a target lean air-fuel mixture ratio cannot be 
made. 

[0008] Although such a wide range type oxygen con- 
centration sensor as directly detecting the exhaust gas 
air-fuel mixture ratio can be utilized, this type of oxygen 



concentration sensor is expensive and the manufactur- 
ing cost of the engine is increased. 

[0009] Hence, an automotive industry demands that, 
even in the lean burn engine, the concentration of the 
5 vaporized fuel in the intake air system be estimated 
using the normal type oxygen concentration sensor so 
that the correction of the fuel injection quantity and other 
various kinds of engine operation controls can be 
achieved. 

w [001 0] It is therefore an object of the present invention 
to provide apparatus and method for estimating a con- 
centration of a vaporized fuel for an internal combustion 
engine in which a combustion condition can be trans- 
ferred into a lean air-fuel mixture ratio combustion (so- 
ys called, a lean burn engine) which can accurately deter- 
mine a concentration of the vaporized fuel in an intake 
air (viz., an intake air passage of the engine) to the 
engine using a normal-type oxygen concentration (0 2 ) 
sensor. 

20 [001 1 ] According to one aspect of the present inven- 
tion, there is provided with an internal combustion 
engine. The internal combustion engine comprises: a) 
an intake air passage; b) a fuel tank; c) a vaporized fuel 
control device, interposed between the fuel tank and the 

25 intake air passage, for adsorbing a vaporized fuel from 
the fuel tank and for purging the vaporized fuel there- 
from into the intake air passage; d) an oxygen concen- 
tration sensor, installed in an exhaust gas passage, for 
detecting an air-fuel mixture ratio according to a con- 

30 centration of oxygen in an exhaust gas; e) a command 
generator for generating and outputting a command to 
the engine to forcefully transfer a combustion condition 
of the engine into a stoichimetric air-fuel mixture ratio 
combustion; and f) an estimator for estimating a con- 

35 centration of the vaporized fuel purged into the intake air 
passage during the stoichiometric air-fuel mixture ratio 
combustion. 

[0012] According to another aspect of the present 
invention, there is provided with a method applicable to 

40 an internal combustion engine. The method comprises 
the steps of: a) providing an intake air passage; b) pro- 
viding a fuel tank; c) interposing a vaporized fuel proc- 
essor between the fuel tank and the intake air passage; 
d) adsorbing a vaporized fuel from the fuel tank to the 

45 vaporized fuel processor; e) purging the vaporized fuel 
therefrom into the intake air passage; f) installing an 
oxygen concentration sensor in an exhaust gas pas- 
sage; g) generating and outputting a command to the 
engine to forcefully transfer a combustion condition of 

so the engine into a stoichiometric air-fuel mixture ratio 
combustion; h) detecting an air-fuel mixture ratio by the 
oxygen concentration sensor according to a concentra- 
tion of oxygen in an exhaust gas; and i) estimating a 
concentration of the vaporized fuel purged into the 

55 intake air passage during the stoichiometric air-fuel mix- 
ture ratio combustion. 

[001 3] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
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tion may also be a sub-combination of these described 
features. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

5 

[0014] 

Fig. 1A shows a system configuration of an internal 
combustion engine to which the present invention in 
a first preferred embodiment of an apparatus for w 
estimating a concentration of a vaporized fuel in an 
intake air is applicable. 

Fig. 1B shows a structure of a controller shown in 
Fig. 1A. 

Fig. 2 shows a flowchart indicating an operation 75 
time interval variable routine in the first embodiment 
shown in Figs. 1Aand 1B. 
Fig. 3 shows a flowchart indicating a stoichiometric 
air-fuel mixture ratio force command determination 
routine in the first embodiment shown in Figs. 1 A 20 
and 1B. 

Fig. 4 shows a flowchart indicating a combustion 
condition control routine in the first embodiment 
shown in Figs. 1A and 1B. 

Fig. 5 shows a flowchart indicating a purge concen- 25 
tration estimation routine in the first embodiment 
shown in Figs. 1 A and 1 B. 
Fig. 6 shows a flowchart of the operation time inter- 
val in a second preferred embodiment of the appa- 
ratus for estimating the concentration of the 30 
vaporized fuel in the intake air according to the 
present invention. 

Fig. 7 shows a flowchart of the operation time inter- 
val in a third preferred embodiment of the apparatus 
for estimating the concentration of the vaporized 35 
fuel in the intake air according to the present inven- 
tion. 

Fig. 8 shows a flowchart of the operation time inter- 
val in a fourth preferred embodiment of the appara- 
tus for estimating the concentration of the vaporized 40 
fuel in the intake air according to the present inven- 
tion. 

Fig. 9 shows a flowchart of the operation time inter- 
val in a fifth preferred embodiment of the apparatus 
for estimating the concentration of the vaporized 45 
fuel in the intake air according to the present inven- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION: 

50 

[001 5] Reference will hereinafter be made to the draw- 
ings in order to facilitate a better understanding of the 
present invention. 

[0016] Fig. 1A shows a system configuration of an 
internal combustion engine to which a first preferred .55 
embodiment of an apparatus for estimating a concentra- 
tion of a vaporized fuel in an intake air according to the 
present invention is applicable. 



[0017] An intake air from an air cleaner 2 is sucked 
into a combustion chamber of each cylinder of the 
engine 1 mounted in a vehicle through an intake air pas- 
sage 3 receiving a control of its quantity from a throttle 
valve 4 (so-called, an electronically controlled throttle 
valve). 

[0018] An electromagnetic type fuel injection valve 
(injector) 5 is installed in apart of the intake air passage 
3 near to an intake valve so as to inject a given quantity 
of fuel (gasoline) into each corresponding combustion 

chamber. 

[0019] Each fuel injection valve 5 has a solenoid por- 
tion thereof opens in response to a fuel injection pulse 
signal outputted in a suction stroke or a compression 
stroke of its corresponding cylinder in synchronization 
with an engine rotation from a controller 20 so that the 
given quantity of fuel pressurized under a predeter- 
mined pressure is injected. 

[0020] The injected fuel is diffused over each corre- 
sponding combustion chamber to form a homogeneous 
air mixture fuel in the case of the fuel injection at the 
suction stroke of each corresponding cylinder and is 
formed in a stratified air mixture fuel concentratedly 
around a spark plug 6 in the case of the fuel injection at 
the compression stroke of each corresponding cylinder. 
[0021] In response to an ignition signal from the con- 
troller 20, the spark plug 6 constituted by an ignition 
device is sparked to ignite and burn the air-fuel mixture 
in each combustion chamber so that the air-mixture fuel 
is combusted in a combustion condition as a, so-called, 
homogeneous charge combustion or stratified charge 
combustion. 

[0022] It is noted that the combustion condition in the 
engine 1 is divided into three combustion conditions, in 
combination with an air-fuel mixture ratio control, a 
homogeneous stoichiometric air-fuel mixture ratio 
charge combustion; a homogeneous lean air-fuel mix- 
ture ratio combustion (air-fuel mixture ratio ranging from 
20 to 30); and a stratified lean air-fuel mixture ratio com- 
bustion (air-fuel mixture ratio of approximately 40). 
[0023] An exhaust gas from the engine 1 is exhausted 
through an exhaust gas passage 7 and a catalytic con- 
verter 8 used to purify the exhaust gas and being inter- 
posed within the exhaust gas passage 7. 
[0024] A canistor 10 constituting a vaporized fuel 
processor is installed in the engine 1 so as to process 
the vaporized fuel generated by a fuel tank 9. The can- 
istor 10 is filled with an adsorbent 11 such as an acti- 
vated carbon within a sealed vessel, with a vaporized 
fuel introducing conduit 12 from the fuel tank 9 con- 
nected thereto. 

[0025] Hence, the vaporized fuel developed in the fuel 
tank 9 during a stop of the engine 1 is introduced into 
the canistor 10 through the vaporized fuel introducing 
conduit 12 and is adsorbed onto the adsorbent 1 1 of the 

canistor 10. 

[0026] The canistor 10 is formed with a fresh air intro- 
ducing inlet 13 and a purge (gas) passage 14 is intro- 
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duced from the canistor 10. 

[0027] The purge passage 14 is connected to a down- 
stream side (intake manifold) of the intake air passage 3 
with respect to a purge control valve 15. The purge con- 
trol valve 15 is open in response to a signal outputted 
under a predetermined engine driving condition of the 
engine 1 from the controller 20. Hence, if a purge ena- 
bling combustion is established with the engine 1 being 
started, the purge control valve 15 is open so that an 
intake air negative pressure of the engine 1 is acted 
upon the canistor 10. An air introduced from the fresh 
air introducing inlet 13 causes the vaporized fuel 
adsorbed onto the adsorbent 1 1 of the canistor 10 to be 
desorbed from the adsorbent 1 1 , the purge gas includ- 
ing the desorbed vaporized fuel being sucked into the 
downstream side of the intake air passage 3 with 
respect to the intake air passage 3 through the purge 
gas passage 14. Thereafter, the purge gas described 
above is combusted within each combustion chamber of 
the engine 1 . 

[0028] The controller 20 includes: a microcomputer 
having a CPU (Central Processing Unit), a ROM (Read 
Only Memory); RAM (Random Access Memory), a 
common bus, an Input Port having an A/D converter and 
an Output Port having an D/A converter, as shown in 
Fig. 1B. 

[0029] Upon receipt of input signals from various 
engine driving condition sensors, the controller 20 per- 
forms various arithmetic/logic operations on the basis of 
the input signals and controls operations over each fuel 
injection valve 5, each spark plug 6, and the purge con- 
trol valve 15. 

[0030] The various types of the sensors include crank 
angle sensors 21 and 22 detecting a crankshaft axis 
rotation or camshaft axis rotation of the engine 1 . 
[0031] These crank angle sensors 21 and 22, if the 
engine 1 has the number of cylinders of n, outputs to the 
controller 20 a reference pulse signal REF at a prede- 
termined crank angular position (for example, 110° 
before an upper top dead center in the compression 
stroke of each cylinder) whenever a crank angular posi- 
tion of 720°/n is inputted and outputs to the controller 20 
a unit pulse signal POS whenever the crank angular 
position of 1° or 2° is revolved. 
[0032] The CPU of the controller 20 can calculate an 
engine speed Ne from such as a period of the reference 
pulse signal REF. 

[0033] The other sensors include: an air-flow meter 23 
located at the upstream side of the intake air passage 3 
with respect to the throttle valve 4 for detecting an intake 
air quantity Qa; an acceleration sensor 24 for detecting 
a depression angle through which a driver has 
depressed (accelerator depression angle )ACC; a throt- 
tle sensor 25 for detecting an opening angle TVO of the 
throttle valve 4 (including an idle switch which is turned 
to ON when the throttle valve 4 is completely closed) ; an 
engine coolant temperature sensor 26 for detecting a 
coolant temperature Tw of the engine 1 ; an (normal 



type) oxygen concentration sensor (so-called, 0 2 sen- 
sor) 27 for outputting a signal corresponding to a rich 
and lean state of an exhaust gas air-fuel mixture ratio in 
the exhaust gas passage 7 (according to an oxygen 
5 concentration in the exhaust gas); and a vehicle speed 
sensor 28 for detecting a vehicle speed VSR 

[0034] Furthermore, if required, the various sensors 
include: an air conditioner operation gas pressure sen- 
sor 29 for detecting an operation gas pressure of the air 

10 conditioner, namely, a discharging pressure of an air 
compressor in the air conditioner; an external air tem- 
perature sensor 30 for detecting an external (ambient) 
air temperature Ta external to the vehicle; a fuel temper- 
ature sensor for detecting a fuel temperature Tt within a 

is fuel tank 9; and a pressure sensor 32 for detecting an 
air pressure Pt in the fuel tank 9. 
[0035] Next, an explanation of estimation of a vapor- 
ized fuel concentration as a purge quantity according to 
the present invention will be described below. 

20 [0036] The microcomputer of the controller 20 com- 
mands the engine 1 to temporarily carry out a stoichio- 
metric air-fuel mixture ratio charge combustion 
(homogeneous stoichiometric air-fuel mixture ratio 
charge combustion). 

25 [0037] The microcomputer of the engine ,20 as shown 
in Fig. 1B, commands the engine 1 to be temporarily 
forced into a stoichiometric air-fuel mixture ratio com- 
bustion (homogeneous stoichiometric air-fuel mixture 
ratio combustion) whenever a predetermined interval of 

30 time has passed even during a lean air-fuel mixture ratio 
combustion condition (a homogeneous lean air-fuel 
mixture change combustion or a stratified lean air-fuel 
mixture ratio charge combustion). 
[0038] During the above<lescribed stoichiometric air- 

35 fuel mixture ratio combustion, a concentration of the 
vaporized fuel in the intake air is estimated on the basis 
of a signal derived from the oxygen concentration (0 2 ) 
sensor 27. 

[0039] Figs. 2, 3, 4, 5, 6, 7, 8, and 9 respectively show 

40 flowcharts executed by the controller 20. 

[0040] Fig. 2 shows a routine to vary a time interval of 
operations which is executed in the first embodiment 
shown in Fig. 1 A whenever a predetermined period of 
time has passed. 

45 [0041 ] That is to say. at a step S1 , the CPU of the con- 
troller 20 reads a vehicle speed VSP detected by the 
vehicle speed sensor 28. 

[0042] At a step S2, the CPU of the controller 20 com- 
pares the vehicle speed VSP with a predetermined 
so value (PRE) to determine whether the vehicle speed 
VSP is equal to or above the predetermined value. 
[0043] If VSP £ PRE (Yes) at the step S2, viz., the 
vehicle speed is relatively high, the routine goes to a 
step S3. 

55 [0044] If VSP < PRE (No) at the step S2, the routine 
goes to a step S3. 

[0045] At the step S3, since a development velocity of 
the vaporized fuel is deemed to be slow, the CPU of the 
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controller 20 assigns a value of TL into an operation 
interval INTEVT so that an operation interval INTEVT is 
set to a relatively long time TL (INTEVT = TL). The 
value of the relatively long time interval TL is, for exam- 
ple, 10 minutes. 

[0046] As the vehicle speed VSP becomes high, a 
wind developed along a vehicle body during a high 
speed run of the vehicle causes the fuel tank 9 to be 
cooled and a quantity of developing the vaporized fuel is 
decreased. 

[0047] On the contrary, if VSP < PRE (relatively low 
vehicle speed), the CPU of the controller 20 can deter- 
mine that the development speed of the vaporized fuel 
is high and the routine goes to a step S4. 
[0048] At the step S4, the CPU of the controller 20 
assigns a value of TS into the operation time interval 
INTEVT so that the operation time interval INTEVT is 
set to a relatively short time interval TS (INTEVT = TS ). 
The value of the relatively short time interval TS is, for 
example, five minutes (300 seconds). 
[0049] Fig. 3 shows a stoichiometric air-fuel mixture 
ratio force command determination routine executed in 
the first embodiment shown in Fig. 1A whenever the 
predetermined period of time has passed. 
[0050] At a step S11. the CPU of the controller 20 
determines whether the present combustion condition 
falls in the lean combustion condition (homogeneous 
lean air-fuel mixture ratio charge combustion or strati- 
fied lean air-fuel mixture ratio charge combustion). 
[0051 ] If the present combustion condition is not being 
in the lean combustion condition (the homogeneous 
stoichiometric air-fuel (A/F) mixture ratio charge com- 
bustion) (No) at the step S11 , the routine goes to a step 
S12. 

[0052] At the step S1 2, the CPU of the controller 20 
resets a timer TM to zero (TM = 0). 
[0053] On the other hand, if the present combustion 
condition of the engine 1 is in the lean air-fuel mixture 
ratio (Yes) at the step S11, the routine goes to a step 
S13 in which the timer TM is incremented by an execu- 
tion time interval (AT) of the routine of Fig. 3 
(TM = TM + AT). 

[0054] Consequently, the CPU of the controller 20 
refers to the count value of the timer TM which indicates 
a continuation time of the lean air-fuel mixture ratio 
combustion. 

[0055] At a step S14, the CPU of the controller 20 
compares the timer TM with the operation interval 
INTEVT set by the routine of Fig. 3 to determine 
whether the value of the timer TM is equal to or larger 
than INTEVT (TM * INTEVT). 
[0056] If TM * INTEVT (Yes) at the step S1 4, the rou- 
tine goes to a step S15 in which the CPU of the control- 
ler 20 issues a command to force the combustion 
condition of the engine 1 into the stoichiometric air-fuel 
mixture ratio charge combustion. 
[0057] At the step S16, the CPU of the controller 20 
resets the timer TM to zero (TM = 0). 



[0058] Fig. 4 shows a combustion condition control 
routine which is executed in the first embodiment shown 
in Fig. 1A whenever the predetermined period of time 

has passed. 

5 [0059] At a step S22, the CPU of the controller 20 
determines whether the present driving condition falls in 
a predetermined lean combustion condition in accord- 
ance with the driving condition of the engine 1 . 
[0060] In the case of the lean combustion condition 

w (Yes) at the step S22, the routine goes to a step S23 in 
which it is within a predetermined time from a time at 
which the CPU of the controller 20 has issued the com- 
mand to the engine 1 to be forced into the homogene- 
ous stoichiometric air-fuel mixture ratio charge 

15 combustion. 

[0061 ] if the present combustion condition is not under 
the lean air-fuel mixture combustion condition at the 
step S22 (NO) or it is within the predetermined time 
from the time at which the above-described command 

20 has been issued (YES) at the step S23, the routine goes 
to a step S24 in which the combustion condition of the 
engine 1 is in the homogeneous stoichiometric air-fuel 
mixture ratio combustion. 

[0062] At the time of the homogeneous stoichiometric 

25 air-fuel mixture ratio charge combustion, at the step 
S25, the CPU of the controller 20 sets a target air-fuel 
mixture ratio of the air-fuel mixture so as to perform an 
air-fuel mixture ratio feedback control (closed loop con- 
trol) and sets a fuel supply (injection) timing of a fuel at 

30 the suction stroke of each cylinder so that each cylinder 
performs the homogeneous stoichiometric air-fuel mix- 
ture ratio charge combustion. 
[0063] On the other hand, at a step S25. the CPU of 
the controller 20 sets the target air-fuel mixture ratio to 

35 a lean air-fuel mixture ratio so as to perform an open 
loop control and the injection timing of the fuel is set to 
each suction stroke or to each compression stroke so 
as to perform the homogeneous lean air-fuel mixture 
ratio charge combustion or the stratified lean air-fuel 

40 mixture ratio charge combustion. 

[0064] At a step S31, the CPU of the controller 20 
determines whether the present combustion condition 
falls in the stoichiometric air-fuel mixture ratio combus- 
tion (during the feedback control of the air-fuel mixture 

45 ratio). 

[0065] At a step S22, the CPU of the controller 20 
reads an output signal (output voltage) V0 2 from the 
oxygen concentration (O2) sensor 27. 
[0066] At a step S33, the CPU of the controller com- 

50 pares a value of the output signal V0 2 with a predeter- 
mined slice level (SL) so as to determine a rich state or 
lean state of the exhaust gas air-fuel mixture ratio. 
[0067] As a result of comparison, if V0 2 ^ SL(rich) 
at the step S33, the routine goes to a step S34 in which 

55 the air-fuel mixture ratio feedback correction coefficient 
a used to correct the fuel injection quantity is decreased 
by a predetermined integration component I (a = a - 1 ). 
[0068] On the contrary, if V0 2 > SL (lean), the routine 
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goes to a step S35 in which the air-fuel mixture ratio 
feedback correction coefficient a is increased by the 
predetermined integration component I (a = a + I ). 

[0069] As described above, the CPU of the controller 
20 multiplies a basic fuel supply (injection) quantity by 
the air-fuel mixture ratio feedback correction coefficient 
a increased or decreased by the integration control 
when the fuel supply (injection) quantity Ti is calculated. 
[0070] Consequently, the air-fuel mixture ratio can be 
controlled so as to match with a target air-fuel mixture 
ratio, viz., a stoichiometric air-fuel mixture ratio. 
[0071] It is noted that when the air-fuel mixture ratio 
feedback correction coefficient a is set, a proportional 
control is used together with the integration control to 
perform an proportional-integration control (P-l) over 
the air-fuel mixture ratio. 

[0072] Next, at a step S36, the CPU of the controller 
20 calculates an average value amean of the air-fuel 
mixture ratio feedback correction coefficient a. 
[0073] Specifically, whenever either an increment or 
decrement direction of the air-fuel mixture ratio feed- 
back correction coefficient is inverted, the CPU of the 
controller 20 stores instantaneous air-fuel mixture ratio 
correction coefficient a at that time into a memory area 
such as the RAM and then calculates the average value 
a mean = (amax + <xmin)/2 on the basis of the latest 
amax (a when inverted from the increment direction to 
the decrement direction) and the latest amin (a when 
inverted from the decrement direction). 
[0074] At a step S37, the CPU of the controller 20 cal- 
culates a deviation Act, namely, Act = 1 - amean of the 
average value amean of the feedback correction coeffi- 
cient from a reference value of one as the purge con- 
centration (quantity) estimation value. 
[0075] It is noted that before the purge enabling con- 
dition is established, viz., the air-fuel mixture ratio feed- 
back correction coefficient during no execution of the 
purge may be stored as glq and, as the purge estimation 
value, the deviation of Aa (Aa = a 0 - amean) maybe 
calculated. 

[0076] The magnitude of the purge concentration can 
be determined according to the thus calculated purge 
concentration corresponding value Aa. 
[0077] As described above, it is possible to correct the 
fuel supply (injection) quantity on the basis of the purge 
concentration after the combustion condition is trans- 
ferred into the lean air-fuel mixture ratio combustion. 
[0078] The corrected fuel supply (injection) quantity 
(Tilean) is calculated as follows: 
[0079] Tilean = (Tilean) x (ao - amean) , wherein 
Tilean = Ti x ti , Tilean denotes a target fuel supply 
(injection) quantity during the lean combustion condi- 
tion, T\ denotes a fuel efficiency during the lean air-fuel 
mixture ratio combustion, and Tilean = Ti (a target fuel 
supply (injection) quantity) during the stoichiometric air- 
fuel mixture ratio combustion. It is of course that, in the 
above equation, the term of (a0 - amean) may be 
replaced with (1 - amean). 



[0080] In addition, if the purge concentration is large, 
the return to the lean air-fuel mixture combustion may 
be delayed so as to continue the homogeneous stoichi- 
ometric air-fuel-mixture ratio charge combustion for a 
5 while. After the purge concentration becomes reduced 
to some degree, the present combustion may be trans- 
ferred into the lean air-fuel mixture ratio combustion 
(corresponding to one of the stratified or homogeneous 
charge combustion). 

w [0081] Next, second, third, fourth, and fifth preferred 
embodiments of the apparatus for estimating the con- 
centration of the vaporized fuel purged into the intake air 
system of the engine according to the present invention 
will be described with reference to Figs. 6, 7, 8, and 9. 

is [0082] Fig. 6 shows another operation time interval 
variable routine in place of the operation time interval 
variable routine shown in Fig. 2 as a second preferred 
embodiment according to the present invention. 
[0083] At a step S101, the CPU of the controller 20 

20 reads the air -conditioner operation gas pressure Pd 
detected by the air-conditioner operation gas pressure 
sensor 29. 

[0084] At a step S102, the CPU of the controller 20 
compares the air-conditioner operation gas pressure Pd 
25 with a predetermined value thereof Pre so as to deter- 
mine whether the air-conditioner operation gas pres- 
sure Pd is equal to or above the predetermined value 
(Pre). 

[0085] If Pd i= Pre (the air-conditioner operation gas 
30 pressure Pd is so high as to be equal to or above the 
predetermined value) (Yes) at the step S1 02, the routine 
goes to a step S103 in which the CPU of the controller 
20 assigns the relatively short time interval of TS into 
the operation time interval INTEVT so that the operation 
35 time interval INTEVT is set to the value of TS 
(INTEVT = TS). 

[0086] As the air-conditioner operation gas pressure 
Pd becomes higher, the external air temperature can be 
deemed to be high and the development quantity of the 

40 vaporized fuel is increased. 

[0087] On the contrary, if Pd < Pre (low pressure) at 
the step S102 (NO), the routine goes to a step S104 in 
which the CPU of the controller 20 assigns the value of 
TL into the operation time interval (INTEVT) so that the 

45 operation time interval is set to the value of TL 
( INTEVT = TL). 

[0088] As described above, the operation time interval 
INTEVT can be varied depending on an operation con- 
dition of the air conditioner (the air-conditioner operation 
50 gas Pd or the air conditioner power switch). 

[0089] This can be achieved if the air-conditioner is 
mounted in the vehicle. 

[0090] It is noted that the other structure and the rou- 
tines are the same as those described in the first 
55 embodiment with reference to Figs. 1 A, 1 B, 3, 4, and 5. 
[0091 ] Fig. 7 shows a still another operation time inter- 
val variable routine in place of the operation time inter- 
val routine shown in Fig. 2 as a third preferred 
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embodiment according to the present invention. 

[0092] At a step S201 , the CPU of the controller 20 
reads the external air temperature Ta detected by the 
external air temperature sensor 30. 
[0093] At a step S202, the CPU of the controller 20 
compares the external air temperature Ta with a prede- 
termined value thereof (Pre) so as to determine whether 
the detected external air temperature Ta is equal to or 
above the predetermined value (Pre). 
[0094] If Ta § Pre (the external air temperature Ta is 
so high as to be equal to or above the predetermined 
value Pre) (Yes) at the step S203, the routine goes to a 
step S203 in which the CPU of the controller 20 assigns 
the relatively short time interval TS into the operation 
time interval INTEVT so that the operation time interval 
INTEVT is set to the value of TS ( INTEVT = TS ). 
[0095] If Ta < Pre (relatively low temperature) at the 
step S302, the routine goes to a step S304 in which the 
CPU of the controller 20 assigns the relatively long time 
interval TL into the operation time interval INTEVT so 
that the time interval of INTEVT is set to the value of TL 
(INTEVT = TL). 

[0096] As described above, since the external air tem- 
perature Ta has a high correlation to the development 
speed of the vaporized fuel, the concentration of the 
vaporized fuel can accurately be estimated. 
[0097] It is noted that the other structure and the rou- 
tines are the same as those described in the first 
embodiment shown in Figs. 1 A, 1 B, 3, 4, and 5. 
[0098] Fig. 8 shows a still another operation time inter- 
val variable routine in place of the routine shown in Fig. 
2 as a fourth preferred embodiment according to the 
present invention. 

[0099] At a step S4, the CPU of the controller 20 reads 
an intake fuel temperature sensor Tt detected by the 
fuel temperature sensor 31 installed in the fuel tank 9. 
[0100] At a step S402, the CPU of the controller 20 
compares the in-tankfuel temperature Tt with a prede- 
termined value thereof. 

[0101] If Tt s Pre (namely, the in-tank fuel tempera- 
ture Tt is so high as to be equal to or above the prede- 
termined value) (Yes) at the step S402, the CPU of the 
controller 20 determines that the development speed of 
the vaporized fuel is high and the routine goes to a step 
S403. 

[0102] At the step S403, the CPU of the controller 20 
assigns the relatively long time interval TS into the oper- 
ation time interval INTEVT so that the operation time 
interval INTEVT is set to the value of TS 
(INTEVT = TS). 

[0103] If Tt < Pre (namely, the in-tank fuel temperature 
Tt is so low as to be below the predetermined value) 
(No) at the step S402, the CPU of the controller 20 
determines tha the development speed of the vaporized 
fuel is so low and the routine goes to a step S304. 
[0104] At the step S304, the CPU of the controller 20 
assigns the relatively long time interval TL into the oper- 
ation time interval INTEVT so as to be expressed as 



( INTEVT = TL). 

[01 05] As described above, since the in-tank fuel tem- 
perature Tt is a parameter directly define the develop- 
ment speed of the vaporized fuel, the concentration of 
5 the vaporized fuel based on the in-tank fuel temperature 
Tt can be estimated. 

[01 06] It is noted that the other structure and routines 
are the same as those described in the first embodi- 
ment shown in Figs. 1 A, 1B, 3, 4, and 5. 
w [0107] Fig. 9 shows a still further another operation 
time interval variable routine in place of the routine 
shown in Fig. 2 as a fifth preferred embodiment accord- 
ing to the present invention. 

[01 08] At a step S401 , the CPU of the controller 20 
is reads the in-take air pressure Pt detected by the in-tank 

pressure sensor 32. 

[0109] At a step S402, the CPU of the controller 20 
compares the in-tank air pressure Pt with a predeter- 
mined value (Pre) so as to determine whether the intake 
20 air pressure Pt is equal to or above the predetermined 
value (Pre). 

[01 1 0] If Pt ^ Pre (the in-tank pressure is so high as 
to be equal to or above the predetermined value (Yes) at 
the step S403, the CPU of the controller 20 determines 

25 that the development speed of the vaporized fuel is high 
and the routine goes to a step S403. 
[01 1 1 ] At the step S403, the CPU of the controller 20 
assigns the relatively short time interval TS into the 
operation time interval INTEVT so that the operation 

30 time interval INTEVT is set to the relatively short time 
interval TS ( INTEVT = TS). 

[01 1 2] If Pt < Pre (the in-tank pressure is so low as to 
be below the predetermined value) (No) at the step 
S404, the CPU of the controller 20 assigns the relatively 
35 long time interval TL into the operation time interval 
INTEVT so that the operation time interval INTEVT is 
set to the relatively long time interval TL 
(INTEVT = TL). 

[01 1 3] As described above, since the in-tank pressure 
40 Pt is a measurement result of the variation in the devel- 
opment speed of the vaporized fuel, the concentration 
of the vaporized fuel can be more accurately be esti- 
mated. 

[01 14] It is noted that the other structure and routines 
45 are the same as those described in the first embodi- 
ment shown in Figs. 1 A, 1 B, 3, 4, and 5. 
[0115] Although, in each of the preferred embodi- 
ments concerning Figs.1A through 9, the engine of the 
type in which the fuel is directly injected into each corre- 
50 sponding combustion chamber has been described, the 
present invention is applicable to all of the engines in 
which the combustion condition is divided into the lean 
air-fuel mixture ratio combustion and the stoichiometric 
air-fuel mixture ratio combustion. 
55 [01 1 6] It is also noted that each command generator, 
each estimator, each determinator, a fuel supply quan- 
tity corrector, and a air-fuel mixture ratio feedback con- 
troller described in claims are incorporated in terms of 
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software into the controller 20 as described above. 
Claims 

1 . An internal combustion engine, comprising: 

a) an intake air passage; 

b) a fuel tank; 

c) a vaporized fuel control device, interposed 
between the fuel tank and the intake air pas- 
sage, for adsorbing a vaporized fuel from the 
fuel tank and for purging the vaporized fuel 
therefrom into the intake air passage; 

d) an oxygen concentration sensor, installed in 
an exhaust gas passage, for detecting an air- 
fuel mixture ratio according to a concentration 
of oxygen in an exhaust gas; 

e) a command generator for generating and 
outputting a command to the engine to force- 
fully transfer a combustion condition of the 
engine into a stoichimetric air-fuel mixture ratio 
combustion; and 

f) an estimator for estimating a concentration of 
the vaporized fuel purged into the intake air 
passage during the stoichiometric air-fuel mix- 
ture ratio combustion. 

2. An internal combustion engine as claimed in claim 

1, wherein the estimator further comprises another 
estimator for estimating a quantity of fuel vaporized 
in the fuel tank and the estimator estimates the con- 
centration of the vaporized fuel purged into the 
intake air passage from the estimated quantity of 
fuel vaporized in the fuel tank and the command 
generator outputs the command to the engine to 
forcefully transfer the combustion condition into the 
stoichiometric air-fuel mixture ratio combustion 
whenever a predetermined interval of time has 
passed, the of the estimation of the vaporized fuel 
in the fuel tank by the other estimator. 

3. An internal combustion engine as claimed in claim 

2, wherein the other estimator comprises a vehicle 
speed sensor for detecting a vehicle speed of a 
vehicle in which the engine is mounted, which fur- 
ther comprises a first determinator for determining 
whether the detected vehicle speed is equal to or 
higher than a predetermined vehicle speed value, 
and wherein the predetermined interval of time is 
set to be relatively short when the first determinator 
determines that the vehicle speed is equal to or 
above the predetermined vehicle speed value 

4. An internal combustion engine as claimed in claim 
2, wherein the other estimator comprises an air 
conditioner operation sensor for detecting whether 
an air conditioner of a vehicle in which the air con- 
ditioner is mounted is operated and the predeter- 



mined time interval is set to be relatively short when 
the air conditioner operation sensor detects that the 
air conditioner is operated. 

5 5. An internal combustion engine as claimed in claim 
2, wherein the other estimator comprises an exter- 
nal air temperature sensor for detecting an air tem- 
perature external to a vehicle in which the engine is 
. mounted, which further comprises a second deter- 

w minator for determining whether the detected air 
temperature is equal to or above a predetermined 
air temperature value, and wherein the predeter- 
mined time interval is set to be relatively short when 
the second determinator determines that the 

15 detected air temperature is equal to or above the 
predetermined air temperature value. 

6. An internal combustion as claimed in claim 2, 
wherein the other estimator comprises a fuel tem- 

20 perature sensor for detecting a temperature of the 
fuel in the fuel tank, which further comprises a third 
determinator for determining whether the detected 
temperature of the fuel in the fuel tank is equal to or 
above a predetermined temperature value, and 

25 wherein the predetermined time interval is set to be 
relatively short when the third determinator deter- 
mines that the detected temperature of the fuel in 
the fuel tank is equal to or above the predetermined 
temperature value. 

30 

7. An internal combustion engine as claimed in claim 
2, wherein the other estimator comprises a temper- 
ature sensor for detecting an air pressure in the fuel 
tank, which further comprises a fourth determinator 

35 for determining whether the detected air pressure in 
the fuel tank is equal to or above a predetermined 
air pressure value, and wherein the predetermined 
time interval is set to be relatively short when the 
fourth determinator determines that the detected air 

40 pressure in the fuel tank is equal to or above the 
predetermined air pressure value. 

8. An internal combustion engine as claimed in claim 
1, wherein the estimator estimates the concentra- 

45 tion of the vaporized fuel purged into the intake air 
passage on the basis of an air-fuel mixture ratio 
feedback correction coefficient (a) during the stoi- 
chiometric air-fuel mixture ratio combustion. 

so 9. An internal combustion engine as claimed in claim 
8, which further comprises a feedback controller for 
performing a feedback control over the air-fuel mix- 
ture ratio so as to make the air-fuel mixture ratio 
detected by the oxygen concentration sensor 

55 approach to the stoichiometric air-fuel mixture ratio 
during the stoichiometric air-fuel mixture ratio com- 
bustion and wherein the estimator estimates the 
concentration of the vaporized fuel purged into the 
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intake air passage on the basis of an air-fuel mix- 
ture ratio feedback correction coefficient (a) derived 
from an output signal of the oxygen concentration 
sensor by the feedback controller. 

5 

10. An internal combustion engine as claimed in claim 
9, wherein the estimator estimates the concentra- 
tion of the vaporized fuel purged into the intake air 
passage from a deviation (Aa) of an average value 
(amean) between the maximum value (amax) and w 
the minimum value (amin) of the air-fuel mixture 
ratio feedback correction coefficient (a) from a ref- 
erence value thereof. 

11. An internal combustion engine as claimed in claim is 
9, wherein the estimator estimates the concentra- 
tion of the vaporized fuel purged into the intake air 
passage of the engine from a deviation (Aa) of an 
average value (a mean) between the maximum 
value (amax) and the minimum value (amin) of the 20 
air-fuel mixture ratio feedback correction coefficient 

(a) from the air-fuel mixture ratio feedback correc- 
tion coefficient (oq) during no purge of the vapor- 
ized fuel into the intake air passage. 

25 

12. An internal combustion engine as claimed in claim 
1 , which further comprises a lean combustion con- 
dition command generator for generating and out- 
putting a command to the engine to transfer the 
combustion condition into a lean air-fuel mixture 30 
ratio combustion during a predetermined engine 
driving condition and a fuel supply quantity correc- 
tor for correcting a fuel supply quantity for the 
engine by a factor determined on the basis of the 
estimated quantity of the vaporized fuel purged into 35 
the intake air passage during the lean air-fuel mix- 
ture ratio combustion. 



centration of oxygen in an exhaust gas; and 

i) estimating a concentration of the vaporized 
fuel purged into the intake air passage during 
the stoichiometric air-fuel mixture ratio com- 
bustion. 

14. A method applicable to an internal combustion 
engine as claimed in claim 13, which further com- 
prises the step 

j) of estimating a quantity of fuel vaporized in 
the fuel tank and wherein the estimating step of 
i) estimates the concentration of the vaporized 
fuel purged into the intake air passage from the 
estimated quantity of fuel vaporized in the fuel 
tank at the step j) and the command generator 
outputs the command to the engine to force- 
fully transfer the combustion condition into the 
stoichiometric air-fuel mixture ratio combustion 
whenever a predetermined interval of time has 
passed, the predetermined interval of time 
being varied on the basis of the estimated 
quantity of fuel vaporized in the fuel tank at the 
stepj). 

15. A method applicable to an internal combustion 
engine as claimed in claim 13, wherein, at the esti- 
mating step of i), the concentration of the vaporized 
fuel purged into the intake air passage of the engine 
is estimated on the basis of a detection result by the 
oxygen concentration sensor at the step of h). 



13. A method applicable to an internal combustion 
engine comprising the steps of: 40 

a) providing an intake air passage; 

b) providing a fuel tank; 

c) interposing a vaporized fuel processor 
between the fuel tank and the intake air pas- 45 
sage; 

d) adsorbing a vaporized fuel from the fuel tank 
to the vaporized fuel processor; 

e) purging the vaporized fuel therefrom into the 
intake air passage; so 

f) installing an oxygen concentration sensor in 
an exhaust gas passage; 

g) generating and outputting a command to the 
engine to forcefully transfer a combustion con- 
dition of the engine into a stoichiometric air-fuel 55 
mixture ratio combustion; 

h) detecting an air-fuel mixture ratio by the oxy- 
gen concentration sensor according to a con- 
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